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Land retirement has been the primary approach used by the federal government for 
environmental protection of agricultural landscapes since 1985, but it is increasingly being 
supplemented by conservation initiatives on working lands. The shift towards using conservation 
practices on working lands logically supports agroforestry and other multifunctional approaches 
as a means to combine production and conservation. However, such approaches can be complex 
and difficult to design, contributing to the limited adoption in the United States. Multifunctional 
woody polycultures (MWPs), a form of agroforestry, are one such option gaining interest in the 
U.S. Corn Belt for combining agricultural production and conservation benefits on working 
lands. Studies show landowners currently lack adequate information to make informed decisions 
regarding adoption of MWPs and researchers have yet to determine the preferred design of them. 
This study engaged with 15 rural landowners within the Upper Sangamon River Watershed of 
Central Illinois to identify the design preferences, information needs, and adoption potential of 
MWPs, as well as identify pathways for improving agricultural conservation programs. 
Landowner-specific designs were constructed based on three pre-defined alternative scenarios 
distinguished by their focus on (1) production, (2) conservation, or (3) cultural functions. Two 
semi-structured interviews occurring before and after the design process were conducted with 
landowners. 
We identified landowners’ preferred designs as those which integrated high levels of 
edible nuts and berries in an efficient, machine-harvestable manner. Nut-producing species 
native to the Midwest U.S., most notably northern pecan (Carya illinoinensis), were most 
preferred. The strongest motivators for the design and adoption of MWPs were utilizing high-
value edible crops, improving pollinator and wildlife habitat, and the productive use of marginal 
land. However, these motivators were coupled with an expressed limitation in the practical 
application of MWPs due to a lack of harvest machinery, post-harvest processing facilities, and 
accessible markets. A lack of reliable economic, marketing, and management information 
severely constrains adoption potential of MWPs despite landowner interest for using them on 
marginal lands.  
Additionally, we used the design and interview process with landowners to understand 
pathways towards improving the integration of MWPs, more broadly agroforestry, into 
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agricultural conservation programs such as the Conservation Reserve Program (CRP) and 
Environmental Quality Incentives Program (EQIP). We found that landowners strongly preferred 
working in person and being presented a comparison of alternative designs, rather than a single 
option, especially for novel systems. Agroforestry was seen as a viable method of generating 
conservation benefits while providing value to the landowners, who each stated they were more 
inclined to adopt such practices irrespective of financial assistance to do so. For conservation 
programs, landowners suggested reducing the complexity, inflexibility, and impersonal nature of 
conservation programs to improve the integration of multifunctional practices that appeal 
directly to the practitioner’s needs and preferences. These findings are valuable for conservation 
policy because they complement previous research theory suggesting the value of working 
collaboratively with landowners in the design of multifunctional landscapes. Personalized 
solutions that are developed based on the unique characteristics of the local landscape and the 
preferences of the individual landowner may be retained beyond a specified payment period, 
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CHAPTER 1: DESIGNING MULTIFUNCTIONAL WOODY POLYCULTURES 
ACCORDING TO LANDOWNER PREFERENCES 
 
1.1 ABSTRACT 
Multifunctional woody polycultures (MWPs) are an alternative agricultural practice 
gaining interest in the U.S. Corn Belt as an option for combining agricultural production and 
conservation goals. They include the integration of fruit, nut, timber, and/or bioenergy crops 
adjacent to annual crops. Earlier studies revealed that landowners lack adequate information to 
make informed decisions regarding MWP adoption. This study engaged with 15 rural 
landowners within the Upper Sangamon River Watershed of Central Illinois to identify the 
design preferences, information needs, and adoption potential of MWPs. Landowner-specific 
designs were constructed based on three pre-defined alternative scenarios distinguished by their 
focus on (1) production, (2) conservation, or (3) cultural functions. Two semi-structured 
interviews occurring before and after the design process were conducted with landowners. 
Results from quantitative analysis and qualitative interpretation showed landowners preferred 
designs that integrated high levels of edible nuts and berries in an efficient, machine-harvestable 
manner. Nut-producing species, most notably northern-adapted varieties of pecan (Carya 
illinoinensis), were the most preferred. The most influential motivators for the design and 
adoption of MWPs were utilizing high-value edible crops, improving pollinator and wildlife 
habitat, and increasing marginal land productivity. However, landowners felt these motivators 
did not overcome limitations in the practical application of MWPs due to a lack of harvest 
machinery, post-harvest processing facilities, and accessible markets. The study findings 
demonstrate a lack of reliable economic, marketing, and management information severely 




1.2.1 The U.S. Corn Belt 
Agricultural landscape simplification has led to a reduction in diverse perennial habitats 
that provide an extensive range of ecosystem services (Foley et al. 2005; Wright and Wimberly 
2013; Landis 2017). The intensification of current annual row-cropping systems has reduced the 
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sustainability of our rural landscape, giving rise to a need for alternative land use strategies 
(Matson et al. 1997; Montgomery 2007; MacDonald et al. 2013; Robertson 2015). Researchers 
and policy makers have suggested using marginal lands unsuitable for row crops as strategic 
areas to mitigate the negative impacts of conventional agriculture (Wells et al. 2003; Kang et al. 
2013; Gelfand et al. 2013). Marginal lands encompass a broad range of areas that are 
unsustainable for agricultural production due to a combination of three factors: (1) little to no 
profitability, (2) biophysical constraints such as flood frequency, poor soil quality, erodible land, 
etc., or (3) constraints limiting the efficient cultivation of the land such as difficult to access 
areas or curving field edges (Kang et al. 2013; Richards et al. 2014).  
In the U.S. Corn Belt, research has shown that converting only a small proportion of 
marginal land (5-15%) into perennial species may have disproportionately large impacts for 
social and environmental sustainability by improving water quality, biodiversity, and aesthetics 
for rural areas (Schulte et al. 2006; Gobster et al. 2007; Atwell et al. 2009b 2010; Brandes et al. 
2016; Mattia et al. 2018). Previous work on marginal land conversion has focused primarily on 
using perennial grasses and short-rotation woody crops for biofuels or feedstock (Tilman et al. 
2009; White 2010; James et al. 2010; Cope et al. 2011; Gelfand et al. 2013; Verdade et al. 2015) 
or implementing conservation habitats such as the Conservation Reserve Program (CRP) for 
ecosystem services (Wells et al. 2003; Werling et al. 2014). While both options offer viable 
benefits, they ignore opportunities for landscape multifunctionality because they focus on either 
production or conservation, not both simultaneously.  
1.2.2 Multifunctional woody polycultures  
To connect production and conservation, researchers have suggested the use of 
agroforestry that integrates profitable fruit, nut, and or timber crops on marginal lands (Jose et al. 
2012; Trozzo et al. 2014a; Mattia et al. 2016; Lovell et al. 2017; Wolz et al. 2017). In the U.S. 
Corn Belt, these systems have taken on a variety of names such as Multifunctional Perennial 
Cropping Systems (MPCs) (Mattia et al. 2016), Multifunctional Woody Polycultures (MWPs) 
(Lovell et al. 2017), or simply agroforestry that produces high-value fruit, nut, or timber crops ( 
Jose et al. 2012; Trozzo et al. 2014a; Wolz et al. 2017). In this paper, we use the term MWPs for 
the proposed systems and define them as the purposeful mixing of multiple high-value woody 
crops species using one or more of the five agroforestry practices (Jose et al. 2012) to promote 
production, ecosystem, and cultural services. Perennial herbaceous species for biofuels or 
3 
 
feedstock may also be incorporated as they can play an essential role in producing conservation 
benefits (Gelfand et al. 2013; Masters et al. 2016; Mattia et al. 2018), but they are not the 
primary focus of MWPs.  
Previous studies have focused on landowner perceptions, motivators, barriers, and 
adoption potential to understand and improve the spread of MWPs and similar practices (Strong 
and Jacobson 2005; McGinty et al. 2008; Valdivia et al. 2012; Trozzo et al. 2014b; Mattia et al. 
2016). Landowners have been shown to be motivated by potentially improving ecosystem 
services and government policy that favors perennial practices. They also acknowledged the 
breadth of conservation functions possible when using agroforestry (Strong and Jacobson 2005; 
Trozzo et al. 2014b; Mattia et al. 2016). However, acknowledging benefits does not directly lead 
to agroforestry adoption (Atwell et al. 2009a), as evidenced by its minimal integration into the 
U.S. Corn Belt region (Atwell et al. 2009b; Valdivia et al. 2012). Landowners have stated that a 
lack of information, support tools, and experience with agroforestry were significant barriers to 
agroforestry adoption (Valdivia et al. 2012; Mattia et al. 2016).  
Most research on the design and adoption of innovative agricultural practices has 
occurred before or after the decision process, almost never within it (Le Gal et al. 2011). 
Landowners have reported a lack of real-time information and support when considering 
adopting a new transformative farming practice (Cardoso et al. 2001; Rogers 2003; Mattia et al. 
2016). Several researchers have called for increased engagement with landowners during the 
research and design process to reduce information and understanding gaps, especially when 
considering the complexity and variability of multifunctional systems (Cardoso et al. 2001; 
Lovell and Johnston 2009; Atwell et al. 2010; Trozzo et al. 2014b; Mattia et al. 2016). While 
landowners should be valued as experts to build designs and support tools (Oliver et al. 2012), 
very few studies have worked collaboratively with landowners to design MWPs or similar 
systems specific to their land (Haggar et al. 2001; Cardoso et al. 2001), especially within the U.S 
Corn Belt (Atwell et al. 2009a; Mattia et al. 2016). While engagement with participants directly 
in a long-term study can be costly and time-consuming, the results can provide detailed 
information about on-farm practices and decisions (Oliver et al. 2012).  
1.2.3 Aims of the study 
The following study addresses the design process information gap by working directly 
with fifteen landowners to develop unique MWPs for their land. This study incorporated two 
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related research methodologies to integrate stakeholder and scientific knowledge: (1) the 
framework method for sustainable ecological planning (Ahern 2006) and (2) the design in 
landscape ecology model from Nassauer and Opdam (2008). We hypothesized that by working 
collaboratively with landowners, their design preferences, decision making process, and adoption 
preferences could be identified to improve MWPs research and adoption. This study builds on 
previous work by Mattia et al. (2016) which used a landowner survey to examine MWP adoption 
potential and preferences of landowners within the Upper Sangamon River Watershed in Illinois, 
U.S.A. The survey outlined potential adopters of MWP and general attitudes towards them but 
did not identify landowners’ specific design preferences. The participatory design study herein 
examines the makeup of MWPs that landowners prefer to use on their land, motivators and 
barriers to using them, and the rationale for their decisions.  
 
1.3 MATERIALS AND METHODS 
1.3.1 Study area 
The Upper Sangamon River Watershed (USRW) is located in Central Illinois within an 
intensively cropped region of the United States referred to as the Corn Belt (Green et al. 2018). 
The watershed has soil erosion and water quality concerns similar to those seen throughout the 
U.S. Corn Belt (Keefer and Bauer 2011). The watershed drains approximately 3000 square 
kilometers of land and primarily consists of portions of eight counties: Champaign, Christian, 
DeWitt, Ford, Macon, McClean, Piatt, and Sangamon. The United States Department of 
Agriculture (USDA) National Agricultural Statistics Service (NASS) reported 79% of land in the 
USRW was being used to grow corn and soybeans in 2017. The other major land uses include 
developed land, about 10%, and grassland, wetlands, and forested areas, about 9% (USDA 
NASS 2017). The 2012 agricultural census reported that harvestable perennials made up less 
than 1% of reported income from agricultural products in the USRW (USDA NASS 2012). 
Mattia et al. (2018) reported that 7% of agricultural land in the USRW was marginal for annual 
crop production and suitable for conversion to MWPs. 
1.3.2 Participants 
Participants were rural agricultural landowners in the USRW who had previously been 
identified by Mattia et al. (2016) as medium to high-potential adopters of MWPs. Landowners 
who stated they would convert land to MWPs on their land were classified as high potential 
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adopters. The landowners with greatest potential for adoption included young, educated farmers, 
with available marginal land they would consider for MWPs. Such landowners are deemed 
logical participants to consider when assessing the validity, design, and management of a 
relatively new agricultural innovation (Rogers 2003). Forty-five letters asking for potential 
interest in participating in a study of MWP land use were mailed to previous survey participants. 
These letters provided information on MWPs, requested their participation in this study and 
offered a stipend payment for their participation. Fifteen participants of various backgrounds, 
ages, and fields of work agreed to be involved with the study. Not all landowners were farmers, 
but they all owned land in agricultural production. Participants’ demographics are listed in Table 
1.1.  
1.3.3 Phases of the study 
The study took place in two phases, adapted from Tress and Tress (2003). In phase I, a 
researcher interviewed participants on their land to begin to build a working relationship, discuss 
their land, and identify their interests related to MWPs. The interviews, along with input from 
researchers in landscape ecology and crop science, helped guide the creation of three scenarios, 
each of which aimed to achieve one of the three primary goals of MWPs, production, 
conservation, or culture. In Phase II, a researcher used the three scenarios to guide the 
development of three unique MWP designs for each participant’s land. The designs were 
visualized and presented to the participants along with a supplemental information book 
describing MWPs in detail. Participants were interviewed again on their property during the 
second interview to discuss the designs and identify preferences, adoption potential, and future 
policy goals for improving the adoption and diffusion of MWPs. 
1.3.4 Phase I: The first interview 
Semi-structured interviews were performed from September through October 2016. 
Interviews lasted between 60 to 90 minutes and were conducted at the landowners’ properties. 
The primary researcher was present for the interview. The interviews were recorded using both a 
phone and laptop voice recorder per landowner permission. The interviews were transcribed 
within 48 hours after completion. The intention of the interview occurring before the design 
process was to gather data on what three plausible future scenarios would guide the MWPs 
designs, establish preferred locations for the MWPs with each farmer based on their 
identification of marginal land as well as identify familiarity, interest, and perceptions of existing 
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MWPs and perennial species. The interviews were loosely structured because the conflicting 
nature of many transformative technology adoption studies exposes the need to allow landowners 
to lead the discussion on how their preferences and decisions are shaped (Adebiyi et al. 2016).  
The interview consisted of three sections. First, participants were shown three sets of four 
images displaying examples of MWPs. Each set of images focused on a specific design goal: 
food, timber, or conservation. The MWPs shown were described using a predetermined 
description that explained the design, products, layout, harvesting, and management. Participants 
were asked to provide feedback on their likes, dislikes, and interest in each of the MWPs shown. 
Next, the participants ranked the previous MWPs by preference and discussed their familiarity 
with them, where they could use them, their preferred species, barriers and motivators, and 
general influences. Lastly, the participants identified areas they viewed as marginal on their land 
using an aerial map.  
1.3.5 Phase I: Scenario technique 
This study used a scenario technique to survey participants on what MWPs may plausibly 
and reasonably be implemented on participants’ land. Scenario techniques typically build 
scenarios to guide future policy goals and planning for a landscape or region (Tress and Tress 
2003; Nassauer et al. 2011). Scenarios are the framework, descriptions, or imagined policy goals 
used to describe a set of alternative future landscapes. The product of a specific scenario is an 
alternative future landscape (Nassauer and Corry 2004; Steinitz et al. 2005), referred to hereafter 
as a design, which includes the integration of MWPs into a landowners property. The scenario 
methodology used in this study differs in technique by building unique designs specific to 
participants’ land with the participants themselves. Three scenarios were developed through a 
combination of previous research (Mattia et al. 2016), knowledge of MWPs and policy regarding 
them, as well as the results of initial interviews with study participants. 
1.3.6 Phase II: The design process 
A stepwise planning and design process that combined landowner and researcher 
knowledge was used to build plausible and reasonable MWP designs for landowners. The design 
process began with the first interview in which landowners identified their marginal land and 
specific needs and preferences. We combined this with information on soil type, pH, drainage, 
and flood frequency gathered from the USDA Natural Resources and Conservation Service 
(NRCS) Web Soil Survey to build “opportunity lands,” areas of potential MWP placement. The 
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placement of the species and combinations was determined by the given scenario, landowner 
input on preferences, and the theory for the design and makeup of MWPs (Lovell et al. 2017). 
Design plans were prepared using AutoCAD to ensure geospatial accuracy and organize 
quantitative data related to species count and area use. Figure 1.1 displays the general steps that 
researchers went through to build a set of designs for each landowner.  
1.3.6.1 Species selection 
Species selection was based on consultation with experts in respective fields of 
agroecology, forestry, and landscape design as well as consideration of species being currently 
used in existing MWPs. In total, 40 species were selected as “best bets,” those with high 
environmental and economic potential within the U.S. Corn Belt.  
1.3.6.2 Species combination 
MWPs are a collection of various agroforestry and NRCS conservation practices such as 
riparian forest buffers, hedgerow planting, and multi-story cropping. The use of specific 
practices aims to target identified environmental or landowner issues while producing a saleable 
product such as fruits, nuts, or berries. Figure 1.2 shows an example of a windbreak used in the 
plans for landowners. In the windbreak, multiple productive species that are both profitable and 
provide conservation benefits are incorporated such as northern adapted varieties of pecan 
(hereafter referred to as northern pecan), hazelnut, and elderberry. 
1.3.6.3 Design feedback 
Participants were asked to provide feedback on the three designs to improve the 
plausibility and reasonability of the designs. Participants were given general descriptions of each 
design along with a draft of the layout to help understand the purpose of the designs and how 
they function. Each participant provided feedback electronically or through the mail on a 
standardized form. The feedback was used to remove unrealistic or impossible designs and 
integrate the specific participant needs that were not met. Experts in the fields of ecology, crop 
science, and forestry were also consulted to review the designs. The feedback from all groups 
was considered and appropriately incorporated into the designs to create the final iterations of the 
separate designs.  
1.3.6.4 Design visualization 
In combination with a landscape designer, each final design was visualized in the form of 
a photorealistic landscape plan and presented to landowners. The plan image showed the entirety 
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of the participant’s land with scenario specific MWPs incorporated (Figure 1.3 and Figure 1.4). 
In total, 45 unique plan view designs, three for each landowner, were created. Additionally, 
participants received one generic perspective view visualization to show a view of MWPs if they 
were on their land looking at the system at maturity (Figure 1.5). GoogleEarth was used to 
provide aerial imagery, while the photo design software used for the visualizations was Adobe 
Photoshop 18.0.  
1.3.7 Phase II: Final designs and supplemental information 
Completed designs were mailed to landowners along with a list of species and their 
respective quantities in each design. They additionally received an informational book describing 
the costs, management, products, timeline, and cultural and environmental benefits of MWPs. 
Participants were asked to review the information provided and to begin to consider which 
designs they prefer and what additional further questions or concerns they had. Follow-up 
interviews were scheduled a minimum of two weeks and maximum six weeks after the designs 
were received by the landowner.  
1.3.8 Phase II: The second interview 
The second interviews were performed in June 2017. Interviews lasted between 90 to 120 
minutes and were conducted at the landowners’ properties. The primary researcher was present 
for the interview. The interviews were recorded using both a phone and laptop voice recorder per 
landowner permission. The interviews were transcribed within 48 hours after completion. The 
interview consisted of open-ended and Likert-scale rating questions. During the second 
interview, participants assessed the three designs in comparison to their current land. The various 
elements or patterns within each design were discussed, and feedback noted. Following the 
examination of the designs, participants commented on their general preferences, ideas for 
improvement, motivators, and barriers to using MWPs. Next, the participants were asked to 
design a system they saw as optimal for their land by incorporating the preferred components of 
their three designs into a final plan they would be most likely to use. Lastly, participants 
provided critical feedback on the design process, the validity of MWPs, and the necessity of 
these systems within U.S. agriculture as a whole.  
1.3.9 Data analysis 
Data analysis occurred concurrently with the development of each step in the study. 
Audio recordings of interviews were transferred into Audacity, a digital audio editor, for 
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cleaning of the audio files for transcribing. Transcriptions were done using Microsoft Word 
within 48 hours of them taking place. Once completed, the interview transcriptions were 
transferred to Microsoft Excel and landowner responses were organized by interview question. 
Both quantitative and qualitative data from the second interview were used in 
understanding landowner preferences. Quantitative interview data were tabulated and compared 
across different categories in Microsoft Excel 2016. Frequency of responses, mean, and median 
ratings were calculated and used to understand preferences for design scenarios, species, 
practices, motivators, and barriers. Qualitative interview data were coded and analyzed using 
NVivo 11 Pro. Contextual information about the landowners was coded first. Then the interview 
responses were coded into the following six categories: preferences, management and 
experience, finances and economics, biophysical factors, social and cultural, government and 
policy. These categories are adapted from the five categories of factors that influence 
agroforestry adoption as described by Pattanayak et al. (2003). The coded data were explored for 
trends and patterns in landowner responses in connection with the quantitative data. Lastly, the 
optimal designs created by landowners during the second interview were analyzed by counting 
the occurrence and frequency of species and practices used. The underlying themes in 
combination with the stated preferences for designs, species, practices, and development of an 
“optimal design” were used to understand landowners’ preferences further. 
 
1.4 RESULTS AND DISCUSSION 
1.4.1 Initial interviews 
The first interview allowed landowners to describe the MWPs they foresaw as plausible 
in the future and the goals they would aim to achieve by using such systems. Each meeting with 
landowners began by discussing images and descriptions of pre-existing MWPs focusing on 
three separate goals: production, timber, and conservation.  
Landowners were most interested in MWPs that were oriented towards edible food 
production, somewhat interested those focusing on conservation benefits, and least interested in 
strictly timber-based systems. MWPs that focused primarily on producing fruits and nuts were 
the most preferred by ten of the landowners, with four others ranking it second. Landowners 
stated they preferred the relatively quick profit and the diversity it brought to their conventional 
corn and soybean operations. Landowners expressed concern about the length of time required 
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for timber species to reach maturity. The lack of interest in timber as the primary goal of a MWP 
was noted and resulted in the shift in focus towards more prevalent goals mentioned by 
landowners, notably cultural elements.  
1.4.2 Scenarios 
Results from the first interview, in combination with input from natural resource 
professionals revealed three possible scenarios under which MWPs may come about: production, 
conservation, and cultural. The following section describes the details of the three scenarios, 
which guide the subsequent designs for landowners. The underlying assumptions of each 
scenario are critically important to understand the designs that result from them. 
1.4.2.1 Production 
The first scenario was based on the assumption that interest in local, sustainable food 
grows rapidly across the U.S. Corn Belt. People’s interest in healthy foods would enable a 
stronger market for perennial fruit and nut crops. Multiple facilities are built to process and 
distribute nuts, fruits, and berries across the U.S. Corn Belt. Harvesting equipment becomes 
cheaper and more accessible to small-scale farmers. Wholesale and retail markets are available 
for MWP crops. Timber prices are relatively healthy and encourage planting hardwood species. 
Marginal lands are acknowledged to be ideal candidates for perennial crops by the public and 
landowners. However, government support for perennial crops only minimally increases, forcing 
more focus on profitability than conservation benefits. The complexity of the MWPs remains 
low to ensure they are profitable and easily harvestable. Common species in this scenario are 
Chinese chestnut (Castanea mollissima), northern pecan (Carya illinoinensis), black walnut 
(Juglans nigra), black currant (Ribes nigrum), aronia (Aronia melanocarpa), and elderberry 
(Sambucus canadensis).  
1.4.2.2 Conservation 
The second scenario assumed there is increasing public interest in native perennial 
species for their various environmental, ecological, and social benefits, resulting in favorable 
government policies. The USDA NRCS and Farm Service Agency (FSA) begin to provide 
generous funds for the establishment, management, and research of native perennials through 
various conservation programs such as the CRP and the Environmental Quality Incentives 
Program (EQIP). Eligible systems must meet a minimum set of environmental benefits, but the 
productive elements of crops are now acknowledged. Farmers can harvest materials selectively 
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from conservation lands as long as they maintain their ecological functions. Marginal lands, even 
if not previously cropped can be incorporated into conservation programs. Ecosystem services 
and wildlife habitat are quantified in terms of public service and eligible for tax breaks. Species 
diversity is increasingly supported by public policy and becomes more appealing to landowners. 
Common species in this scenario are northern pecan, prairie crabapple (Malus ioensis), juneberry 
(Amelanchier alnifolia), American plum (Prunus americana), American hazelnut (Corylus 
americana), American persimmon (Diospyros virginiana), elderberry (Malus ioensis), and 
aronia.  
1.4.2.3 Cultural 
The third scenario assumes population in rural areas decreases significantly, and concerns 
grow over the loss of culture, public engagement, and interest in rural lands. Regional planners 
and governmental agencies become interested in alternative crops and marginal land uses as 
ways to improve cultural aspects of agricultural lands. Landowners begin to explore new routes 
of maintaining their incomes while addressing the growing cultural concerns. Perennial plants, 
both edible and not, become a primary method towards improving aesthetic quality, diversifying 
homesteads, and providing agro-tourism and recreational opportunities. Public interaction with 
rural land, primarily from people living in urban areas, becomes profitable. Additionally, 
research institutions and state agricultural extension agencies invest in on-farm field trials and 
educational sites to explore innovative cropping systems and ways to re-engage new generations 
of farmers. Common species in this scenario include Chinese chestnut, European hazelnut 
(Corylus americana), black currant, northern pecan, aronia, eastern redbud (Cercis canadensis), 
and a diversity of native perennial grasses.  
1.4.3 Post-design interviews 
1.4.3.1 Landowners’ design scenario preferences 
The second interviews allowed researchers to identify the types and components of 
MWPs which landowners preferred to use. Table 1.2 displays landowners’ ranks of and interest 
in the three designs. The production scenario designs were ranked as the most preferred by 8 of 
the 15 participants, while cultural was least preferable, being ranked last by 10 participants. 
Conservation designs were the second most preferred, ranked second by 10 participants. 
However, it should be noted that when landowners were later asked to rate their interest in using 
each of the three designs, there was little difference in the mean interest scores. Landowners 
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often explained there were aspects of all designs they preferred and found it challenging to 
choose only one. As each design offered unique species and species combinations, landowners 
were able to identify various aspects they perceived to be best suited for specific areas of their 
land.  
Landowners were asked to give the primary reason for why they preferred or did not 
prefer each design. Responses are summarized in Table 1.3. The justifications for selecting the 
“most preferred” typically mirrored the goals of that scenario, whereas the reason a design was 
not preferred was that it was often seen as difficult to manage or too complex, not suitable with 
goals, or simply less favorable than other designs. Production designs were for their profit 
potential and variety of known productive edible species. The cultural scenario designs were 
seen as unprofitable, less compatible with their farming system, and often quite laborious to 
manage. Conservation designs were favored for their diversity but often did not elicit notably 
strong reactions. 
1.4.3.2 Landowners’ response to the scenarios 
1.4.3.2.1 Production 
Landowners who favored the production design expressed the potential for profit in the 
short-term and long-term as a significant reason why they would use this design. They found the 
design to be very “straightforward” and “no-nonsense” by maximizing production while still 
maintaining a level of useful diversity. The use of relatively quick producing berries such as 
elderberry and aronia could be paired with long-term crops such as black-walnut and northern 
pecan to maximize value through time. Most notably, all five landowners aged 60 or older 
preferred the production design most and the cultural least. Only one of five landowners aged 20 
to 40 favored the production scenario most. This discrepancy between age groups may be 
attributed to the importance of profitability and lack of complexity that is associated with the 
production designs. Additionally, there was an expressed concern for the volume of crops 
produced and the labor and harvest efficiency with the systems. To be comfortable to plant and 
manage a system aimed at maximizing production of edible crops, landowners needed to have 
access to mechanical harvesters and a market to sell their crops.  
1.4.3.2.2 Conservation 
When enrolled in CRP, landowners are eligible to receive payments for implementing 
conservation practices on marginal lands. Windbreaks are one of the most accepted and needed 
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practices in Central Illinois due to the lack of tree cover, flat topography, and persistent winds. 
When designed for a MWP, they incorporate a number of useful timber, nut, fruit, and berry-
producing species. Numerous landowners preferred using windbreaks to procure not only 
conservation benefits but production benefits as well. One landowner stressed the importance of 
the windbreak not only for conservation but more importantly “something we can potentially 
harvest.” Additionally, the use of native species that produce edible products and rich diversity 
within the conservation design was appealing. However, due to the vast diversity of species in 
the designs, many landowners felt they would not be able to manage such a system, especially 
older landowners. It was suggested that the maximum richness and diversity of species for 
MWPs be limited to a system that is machine harvestable. Very few landowners were willing to 
support practices that were strictly for conservation and would require hand harvesting of crops.  
1.4.3.2.3 Cultural 
In the cultural design, aspects of cultural identity, aesthetics, and research were incorporated 
in ways unique to each landowner based on their described values and goals. Several landowners 
found the unique design elements such as non-linear plantings, flowering borders, and agro-
tourism to be of great value. Aesthetics were found to be a significant preference for landowners 
in this scenario. The use of flowering species such as eastern redbud and aronia allowed 
landowners to have “aesthetics that are low maintenance” which is atypical. Eastern redbud trees 
in combination with other productive crops were found to be an attractive design element 
because landowners viewed the redbud as, “One of the most beautiful trees out there.” However, 
the cultural designs were the least preferred, and due to a lack of “real-world” practicality. 
Adding plants into the landscape requires additional labor, and without an explicit monetary 
return, landowners were hesitant to use such designs. The common theme was that despite the 
designs being a “destination set-up” similar to agro-tourism, they lacked practicality. The 
integration of cultural elements into MWPs should always be considered, but not be the focus, as 
profitability and conservation benefits were more prevalent in this study.  
1.4.3.3 Landowners’ preferences for MWP species 
Participants were asked which three species they most preferred to use in MWPs. The 
responses were sorted into the following functional categories: timber, nut, fruit, berry, and 
other. Of the 45 total responses, nut-producing crops were the most preferred with 14 responses, 
followed by berry-producing shrubs with 12, timber trees, including black walnut and hickory, 
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with 9, fruit trees with 6, and other types with 4. Nut-producing species were seen as novel ideas 
for the landscape as they are uncommon, and underutilized in the USRW. Landowners saw them 
as ways of producing long-term, high-value crops on many portions of their marginal land.  
The most preferred species was northern pecan as indicated by seven landowners placing it 
as one of their three most preferred (Table 1.4). Northern pecan was described by many as being 
appealing because of its high-value, edible nuts and potential for use as timber. Seven 
landowners chose species from three separate categories of crops, while only one landowner 
chose all three species from a single category (timber). Nineteen species were identified in this 
exercise, indicating the vast diversity of species that can be used and are of interest in MWPs. It 
appeared landowners were open to using a variety of species to maximize their production as 
well as using them in mixes of two or three species.  
Lastly, landowners found it challenging to describe preferences between specific species and 
practices combinations because of their lack of experience with perennial crops. This was often a 
limitation in generating significant, critical feedback on design preferences as responses were 
often overgeneralized. 
1.4.3.4 Landowners’ preferences for MWP practices 
The use of two or three species in mixed orchards layouts was the most common element 
used by landowners when building their optimal design with researchers (Table 1.5). The mixed 
orchards were typically placed on small, marginal lands no more than three to four acres in size. 
The goal of such plantings was almost always some method of diverse edible production to 
complement their current farming practices. The second most common practice was the use of 
borders such as riparian buffers or windbreaks for timber or edible production. Alley cropping 
was not found to be favorable due to its perceived interactions with the row crop and 
management difficulties. The overall interest in edible crop systems runs counter to results from 
other studies showing fruit and nut production may not be preferable (Barbieri and Valdivia 
2010; Arbuckle 2013; Trozzo et al. 2014a). The differences may be attributed to landowners in 
this study being predetermined high-adopters of such systems as well as learning about MWPs 
throughout the study, which may have lowered the perceived risk of using them.  
1.4.3.5 Landowners’ motivators and barriers to adopting MWPs 
The top three motivators for landowners considering adopting MWPs were (1) growing 
high-value edible crops, (2) improving pollinator and wildlife habitat, and (3) productive use of 
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marginal land (Table 1.6). Nearly two-thirds of landowners described the importance of these top 
three motivators increased after learning more about MWPs throughout the study. This change 
may be attributed to landowners improving their knowledge of MWPs and their use on marginal 
lands, thus lowering their perceived risk. Valdivia and Poulos (2008) found knowledge was the 
most significant indicator of interest in agroforestry, which may explain the increased 
importance of the top three motivators in this study.  
The top three barriers for landowners considering adopting MWPs were (1) lack of 
infrastructure for post-harvest processing and packaging, (2) potential labor requirements, and 
(3) a lack of markets, harvesting equipment, and experience with horticultural and timber crops 
(Table 1.7). These barriers are acknowledged by other studies which state the markets and 
infrastructure for specialty crops in MWPs is often lacking (Gold et al. 2004; Strong and 
Jacobson 2005; Cernusca et al. 2012), but are being addressed by researchers (Mori et al. 2017). 
More than half of landowners indicated that the “need for more information,” previously the 
most significant barrier to adoption (Mattia et al. 2016), became significantly less important. 
Landowners stated the information provided to them during the study allowed them to 
conceptualize and build interest in MWPs. However, they described that additional information 
on the establishment and management, cost, and markets for products is needed to feel confident 
in adopting MWPs.  
1.4.3.6 General themes conveyed by landowners 
Throughout the interviews, various underlying beliefs and trends influencing landowners’ 
preferences became evident, and the most prominent four are described here. These should be 
considered carefully when pursuing the further spread MWPs and similar perennial systems. 
Ignoring these themes puts researchers, planners, and policy makers at risk of developing 
systems and policies that do not align with landowners beliefs and goals.  
1.4.3.6.1 Diversity 
“Diverse systems are healthier, but there is still a lot to learn on how to sustain [MWPs].” 
The perception of diversity was regarded by landowners as both a motivator and barrier 
to using MWPs. At first, many landowners were impressed by the diversity of harvestable crops 
and native species incorporated into their designs, often stating that “Diverse systems are 
healthier” and “a way to unify income.” However, positive views of diversity were typically 
followed by practicality and profitability concerns, as one landowner said, “I want to maximize 
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diversity, but minimize equipment. I am trying to make things as efficient as possible. I do not 
want 18 different species, with different ways of harvesting at…different times.” The vast 
skillset needed to build useful diversity into the landscape effectively is a challenge for 
landowners and researchers alike as discussed previously by studies examining multifunctional 
landscape design (Dosskey et al. 2012). Additional tools and frameworks to manage the diversity 
of MWPs in a practical and profitable manner, similar to the ecological planning methods used in 
this study (Ahern 2006; Nassauer and Opdam 2008), will be needed to meet the increasing 
demand for multifunctionality in the agricultural landscape (Dosskey et al. 2012).  
1.4.3.6.2 Profitability 
“I am in the business to make money, not have pretty things. If we can combine pretty 
things and money, then it is two of my favorite things.” 
Despite the acknowledgment of conservation and cultural benefits, short-term profit and 
cost were the driving forces behind landowners’ design preferences, especially for those aged 60 
and over. Ecosystem services and long-term profit were a stronger motivator for younger 
landowners, but still not considered independent of profitability. MWPs must be profitable since 
“a farm by definition is an economic proposition” (landowner). This theme is consistent with 
previous findings suggesting the importance of profitability in tree crop systems (Lynch and 
Brown 2000), especially for non-operator landowners with close ties to farming (Arbuckle et al. 
2009). However, there is evidence suggesting that economic performance is not the primary 
driver in adopting systems similar to MWPs (Valdivia and Poulos 2008), and diverse systems 
should not be solely valued based on economics (Barbieri and Mahoney 2009).  
1.4.3.6.3 Socio-cultural importance 
“It is interesting to drive for hours and hours and see cornfields. But it is more interesting 
to see the unique little historic place and add a way of generating some extra money, to sustain 
it.” 
For some landowners, the use of MWPs promoted the inherent cultural value of the rural 
landscape and nearby cities. Building farming systems that could sustain themselves through 
time “would be beneficial [for the younger generation]” and “can create some opportunities.” 
The diversity of new crops could create new jobs, especially as the national, local food 
movement grows. Additionally, the unique structure of MWPs may improve the aesthetic quality 
of rural landscapes, as one landowner said, “They add beauty to our culture.” Previous studies 
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have shown these socio-cultural benefits can be significant factors in agroforestry interest and 
adoption (Ryan et al. 2003), especially amongst landowners who do not associate with the 
conventional farming mindset (Arbuckle et al. 2009; Barbieri and Valdivia 2010).  
1.4.3.6.4 Marginal land 
“You do not need every acre that way, but you surely need these on highly erodible 
acres…Continuous row crop production on these types of slopes just doesn’t work.” 
Using marginal land was a significant motivator for adopting MWPs. Landowners stated 
their current use of marginal lands were unprofitable or unproductive, and planting perennial 
systems on them is “a very good way to integrate conservation into modern day agriculture.” A 
key incentive for using MWPs on erodible or riparian areas was the potential for long-term profit 
to provide incentives to keep the system in place and not be tempted to switch to row crops. “If 
you fix your waterways up, put the tile in, and then put perennial crops on it, that is the key.” 
Similarly, another landowner said, “I think they have more value because I know my farmer has 
a piece of ground that routinely floods, but if you had trees down in there and some of these 
other things that would hold the soil better that could stand flooding, that would make a huge 
difference.” The preference for MWP use on marginal land further supports calls from other 
studies to begin utilizing perennial crops on marginal lands for both environmental and economic 
benefits (Molnar et al. 2013; Lovell et al. 2017; Wolz et al. 2017; Mattia et al. 2018).  
1.4.4 Limitations 
This study contains limitations that should be considered when examining and building 
on its findings. The sample size is small (n=15), and non-random. The sample of participant’s 
consists of early innovators, those with a high potential for MWPs adoption potential. The study 
did not attempt to examine conventional farmers with little to no interest in a potential woody 
species system. This research was explicitly centered on one portion of a watershed, which limits 
its ability for direct comparisons to other regions because of cultural, economic, and social 
differences. Additionally, species selection was not based off an optimization model but instead 
used as a general “best-bet” approach that allowed for design standardization across each 
participant’s land. The designs are hypothesized to achieve predefined societal, environmental, 
and economic values, but are not tested. However, using scenario techniques with a small-subset 




1.4.5 Future work 
Future work concerning MWPs and similar systems within Central Illinois and beyond 
should consider several key findings of this study. First, planners and researchers must seriously 
consider the profitability as an indicator of a successful MWP. Ecosystem services and cultural 
benefits are valuable in shaping interest but will likely be overlooked in the face of an 
unprofitable farming enterprise, as expressed by landowners in this study.  
Second, placement of MWPs should focus on marginal lands as indicated by landowners’ 
willingness to use such areas during the design process and strong disapproval for removing any 
profitable farmland. Because of this, practices such as alley cropping are unlikely to take hold in 
Central Illinois anytime soon.  
Additionally, the development of cooperatives or central infrastructure for the harvest and 
processing of MWPs products may be a necessity for expanded regional implementation. MWPs 
target marginal lands for use, which are often not in abundance for any one landowner. The 
limited amount of marginal land to grow MWPs on a single farm reduces a single farmers’ 
scalability and increases the cost per acre, both of which can be mediated by working within a 
larger cooperative structure.  
The next step for MWP research is to work with landowners adopting these systems to 
monitor long-term management practices and environmental, economic, and cultural impacts. In 
total, 13 out of the 15 landowners stated they plan to adopt MWPs to some extent on their land. 
Of those who indicated their intention to adopt, it is expected only a small handful will do so in 
the near future which would provide a small, manageable number of field sites to monitor.  
 
1.5 CONCLUSIONS 
In this study, we aimed to identify landowners’ preferences for the design and adoption 
of MWPs in Central Illinois. We found the diversity of potential species and practices possible 
when using MWPs offered the flexibility to meet the needs of nearly all participating landowners 
and their unique landscapes, but can be difficult to implement given the substantial experience 
necessary to establish, manage, and market high-value perennial crops successfully. Landowners 
expressed the most interest in production based systems, yet acknowledged the importance of 
conservation and cultural goals as well.  
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The ideal MWP for landowners most often revealed itself to be some level of interplay 
between the three design scenarios, with an underlying requirement for profitability. Landowners 
not concerned with profit were often more concerned with providing ecosystem services or 
preserving the landscape for generations to come. Marginal lands were seen as the ideal location 
for these systems. The most preferred species were nut producing with potential for timber, 
primarily northern pecan and black walnut, while several berry crops, mainly aronia, currant, and 
elderberry, were regarded highly as well. Crops not native or those difficult to sell or manage 
were less likely to be incorporated into landowners’ ideal design. Furthermore, despite nearly all 
of the landowners indicating an intention to use MWPs, adoption will likely be limited until 
markets and infrastructure are developed to support MWP products. 
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1.6 TABLES AND FIGURES 
 












themselves? Farm description 
20-40 F 0 300 Yes No Corn-soybean; fruits, nuts, and berries 
 M 7 43 No No Corn-soybean 
 M 10 900 No Yes Organic corn-soybean-wheat 
 M 4 97 No No Hay production; conservation land  
 M 26 125 No Yes Wheat; hay production 
40-60 F 3 15 No Yes Livestock grazing 
 F 20 400 Yes Yes Livestock grazing; mixed grains 
 F 6 20 Yes Yes Fruits, berries, vegetables, and flowers 
 M 10 40 No Some Corn-soybean; fruits, nuts, and berries 
 M 0 50 No No Corn-soybean 
 M 3 290 No No Corn-soybean 
60-80 F 25 400 No No Corn-soybean 
 M 0 160 No No Corn-soybean 
 M 44 2500 Yes Yes Corn-soybean 






Table 1.2 Landowners’ ranked preferences of the three design scenarios and their associated 





Rank frequency Rated interest 
1st 2nd 3rd Mean* Median 
Production 8 4 3 3.6 4 
Conservation 3 10 2 3.3 3 
Cultural 4 1 10 3.4 3 
Likert Scale used for landowners’ rated interest: (1) Not interested, would not adopt; (2) Slightly interested, 
would adopt very little; (3) Somewhat interested, would adopt some; (4) Moderately interested, would adopt a 
majority; (5) Extremely interested, would adopt most or all 
* Mean scores are indicative only as Likert-Scale is not strictly a numerical rating 
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Table 1.3 Landowners’ rationale for selecting a design scenario when ranked most or least 
preferred (duplicate responses) 
Why chosen as… Production Conservation Cultural 
Most preferred? Profit (3) Diversity (2) Meets long-term goals 
Food production (3) Native species Structure and variety 
Abundance of trees  Diversity and efficiency 
Simplicity  Well designed 
Least preferred? Management concern Preferred other designs Not profitable (2) 
Lack of diversity Does not want trees Preferred other designs (2) 
Does not meet goals  Does not meet goals 
 Management concerns 
  Less productive 
Difficult for farmer 







Table 1.4 The ten most frequent landowner responses when asked which three species they would most 
prefer to use in MWPs on their land. Species are grouped by genus where landowners did not indicate a 
specific genus and species preference. 
Genus Species Common name Responses 
Carya ilinoinensis pecan 7 
Juglans nigra black walnut 5 
Aronia melanocarpa aronia 4 
Corylus americana; avellana; hybrid hazelnut 4 
Ribes nigrum; rubrum currant 4 
Castanea mollissima chestnut 3 
Malus domestica apple 3 
Quercus rubra; alba; bicolor oak 3 
Rubus (multiple) raspberry 2 






Table 1.5 Count of occurrences of various MWP practices present in the final optimal designs 
created by landowners 
Practice Use Count 
Multi-species orchard 21 
Riparian buffer 11 
Orchard 10 
Hedgerow 7 
Timber border 7 
Windbreak 7 
Grass Strip 6 
Silvopasture 4 






Table 1.6 Landowner responses when asked to rate the following motivators for adopting MWPs 
on to their land (n=15) 
 
Motivator 
Percentage of landowners responding with 
the given rating 
 
0 1 2 3 4 5 6 Mean* 
Growing edible, high-value crops  0 0 0 0 47 33 20 4.73 
Improving pollinator & wildlife habitat  0 7 0 0 47 27 20 4.47 
Productive use of marginal land  0 0 0 13 40 40 7 4.40 
Long-term investment & profit  0 7 7 13 20 33 20 4.27 
Improving aesthetic quality  0 0 0 13 67 7 13 4.20 
Improving soil quality  7 0 7 13 27 27 20 4.13 
Preventing soil erosion  0 0 7 27 27 33 7 4.07 
Increasing biodiversity  0 0 7 27 40 13 13 4.00 
Improved recreation and human use  0 0 0 27 60 7 7 3.93 
Improving water quality  0 7 20 13 27 13 20 3.80 
Using native plants  0 0 7 40 27 20 7 3.80 
Decreasing future labor requirements  13 13 0 33 13 13 13 3.13 
Differs from corn and soybeans  13 0 13 33 27 7 7 3.07 
Conservation payments  27 20 7 13 20 0 13 2.33 
Likert-Scale used from 0 (not at all a motivator) to 6 (convinces adoption of MWP) 




Table 1.7 Landowner responses when asked to rate the following barriers to adopting MWPs on 










Percentage of landowners 
responding with the given rating  
0 1 2 3 4 5 6 Mean* 
Lack of infrastructure for post-harvest processing & packaging 0 0 0 33 33 20 13 4.13 
Time and labor requirements  0 7 13 13 33 27 7 3.80 
Lack of harvesting equipment  0 0 20 20 40 20 0 3.60 
Lack of markets to sell crops  7 0 13 20 27 33 0 3.60 
Unfamiliarity with enterprises and products  7 7 0 40 13 20 13 3.60 
Cost of establishment/management  7 0 13 27 33 20 0 3.40 
Financial risk or profitability concerns  13 7 13 13 33 13 7 3.13 
Difficult to manage or farm around  7 7 20 27 27 7 7 3.07 
Lack of financial support and incentives  7 7 13 33 27 13 0 3.07 
Slow growth of perennial crops (i.e. years to maturity)  7 7 20 40 20 7 0 2.80 
Lack of community and extension resources  7 13 7 53 13 7 0 2.73 
Lack of necessary information and research  13 20 20 13 13 13 7 2.60 
Takes land out of production  33 13 7 33 0 7 7 2.00 
Unsuitable with lifestyle or goals  27 13 20 20 13 7 0 2.00 
Likert-Scale used from 0 (not at all a barrier) to 6 (prevents adoption of MWP) 











Figure 1.2 Example of a MWP windbreak used in landowner designs that incorporates 










Figure 1.4 Subsection of a landscape plan visualization incorporating MWPs given to a 




Figure 1.5 Visualization of a perspective view looking at a MWP windbreak alongside annual 
row crops. This image was provided to landowners within an informational booklet alongside 
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CHAPTER 2: BUILDING MULTIFUNCTIONALITY INTO AGRICULTURAL 
CONSERVATION PROGRAMS: LESSONS LEARNED FROM DESIGNING 
AGROFORESTRY SYSTEMS WITH CENTRAL ILLINOIS LANDOWNERS 
 
2.1 ABSTRACT 
 Land retirement has been the primary approach used by the federal government for 
environmental protection of agricultural landscapes since 1985, but it is increasingly being 
supplemented by conservation initiatives on working lands. The shift towards using agricultural 
conservation practices on working lands logically supports agroforestry and other 
multifunctional approaches as a means to combine production and conservation. However, such 
approaches can be complex and difficult to design, contributing to the limited adoption in the 
United States. To understand and improve the integration of multifunctional landscapes into 
conservation programs, we worked with fifteen landowners in a collaborative design process to 
build unique conservation plans utilizing agroforestry. We interviewed participants before and 
after the design process to examine the utility of a personalized design process, applicability of 
agroforestry to conservation programs, and pathways to improve conservation policy. For the 
design process, we found that landowners strongly preferred working in person and being 
presented a comparison of alternative designs, rather than a single option, especially for novel 
systems. Agroforestry was seen as a viable method of generating conservation benefits while 
providing value to the landowners, who each stated they were more inclined to adopt such 
practices irrespective of financial assistance to do so. For conservation programs, landowners 
suggested reducing the complexity, inflexibility, and impersonal nature of conservation programs 
to improve the integration of multifunctional practices that appeal directly to the practitioner’s 
needs and preferences. These findings are valuable for conservation policy because they 
complement previous research theory suggesting the value of working collaboratively with 
landowners in the design of multifunctional landscapes. Personalized solutions that are 
developed based on the unique characteristics of the local landscape and the preferences of the 
individual landowner may be retained beyond a specified payment period, rather than being 







2.2.1 Federal conservation programs  
Conservation programs have long played an integral role in promoting environmental 
benefits on agricultural lands in the United States (U.S.) (Table 2.1). Prior to the 1980’s, 
conservation policy was primarily focused on controlling crop surpluses and reducing soil 
erosion. The movement towards true “conservation” was established through the 1985 Farm Bill 
which explicitly stated the importance of conservation for purposes other than productivity gains. 
The bill established numerous conservation programs still present today, most notably the 
Conservation Reserve Program (CRP) (Cain and Lovejoy 2004). The CRP operates by providing 
farmers rental payments for removing their land from production and implementing perennial 
cover to conserve highly erodible lands (HEL) and promote beneficial biological services. It has 
historically been the largest funded conservation program, receiving a budget of over $1.5 billion 
since 1988 (Osteen et al. 2012).  
In 1996, the Environmental Quality Incentives Program (EQIP) was developed as the next 
substantial modern-day program with a goal of targeting improvements on working lands to 
“maximize environmental benefits per dollar expended” (Cain and Lovejoy 2004). Later in 2002, 
the Conservation Service Program (CSP) was established to provide payments to farmers for 
achieving resource goals on the scale of the whole-farm, rather than focusing on a set practice as 
done by EQIP. Most recently, the 2014 Farm Bill saw the creation of two new programs, the 
Agricultural Easement Conservation Program (ACEP) and the Regional Conservation 
Partnership Program (RCPP). The two programs represent an effort by the federal government to 
provide the private industry a more significant role in conservation planning in coordination with 
the Natural Resource Conservation Service (NRCS) (Reimer 2015).  
 In the 21st century, support for conservation programs in the U.S. has remained relatively 
stable, but the manner in which they are carried out is changing. Support has shifted away from 
land retirement programs, namely CRP, and begun to move towards working lands approaches, 
primarily EQIP and CSP. The CRP enrollment acreage cap has steadily declined from 39.2 
million acres in 2002, falling to 32 million acres in 2008, and down to 24 million acres in 2018 
(Coppess 2017). During that period, funding for working lands programs has gradually increased 
and now comprises the majority of conservation funding, shown in Figure 2.1. The 2018 U.S. 
fiscal year budget included $5.6 billion for conservation programs, with $2.1 billion in funding 
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requested for CRP, $1.5 billion for EQIP, and $1.3 billion for CSP (USDA 2017a). The shift in 
policy towards a working lands approach can partially be attributed to the current expansion of 
cropland in the U.S. after having been declining for decades, following the trends in market 
prices for major grain crops (Lark et al. 2015). The rise and fall of acres enrolled in CRP displays 
the difficulty of preserving conservation benefits from long-term land retirement programs 
(Morefield et al. 2016).  
2.2.2 Conservation design and planning 
Many of the obstacles to ensuring long-term conservation program benefits can be traced to 
their design and implementation. The current approaches to conservation in CRP and EQIP have 
been criticized for being too complex and inflexible, suggesting a need for an updated 
multifunctional approach (Dosskey et al. 2012; Reimer and Prokopy 2014). The current stepwise 
procedure involves a conservationist or landowner identifying a resource problem, then 
suggesting a practice or suite of practices. There are currently 46 CRP practices listed by the 
Farm Service Agency (FSA) and 176 conservation practices listed by the NRCS (USDA FSA 
2018; USDA NRCS 2018). Though on a state-level, the number of practices available may be 
considerably smaller depending on funding, thus limiting the breadth of options available. The 
large number of practices present between the two agencies suggests there is likely to be overlap 
in the functions of many of them, which can complicate the selection process for landowners and 
planners. Additionally, many practices, whether for CRP, EQIP, or CSP, aim to achieve a single 
goal and are criticized for not allowing flexibility in the design process to meet multiple 
objectives (Dosskey et al. 2012).  
Researchers have suggested the use of various design and planning methods to build multiple 
ecosystem services into the landscape for conservation goals (Ahern 2006; Dosskey et al. 2012; 
Opdam et al. 2013; Landis 2017). Arguably the most common is the United States Department of 
Agriculture (USDA) NRCS National Planning Procedures. It provides a well-rounded 
methodology to designing for numerous scales by using a dynamic procedure. The process 
involves identification of the problems and resources available to the stakeholder, formulation of 
alternatives which are subsequently evaluated, and the implementation and assessment of the 
plan (USDA NRCS 2014).  
Sustainable Landscape ecological planning (SLEP) has also been proposed as a promising 
methodology for conservation development. It is the basis for many components of the NRCS 
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planning procedures, but SLEP additionally attempts to address multiple abiotic-biotic-cultural 
goals simultaneously through the use of alternative future scenarios that link the present with the 
future (Dosskey et al. 2012). Final plans are adaptive in implementation, monitoring, and 
education (Ahern 2006). 
Additionally, the rise of multifunctionality in landscape design methods should be considered 
for improving conservation approaches. These approaches aim to provide a range of economic, 
environmental, and social functions through a holistic landscape approach (Fry 2001; Lovell and 
Johnston 2009). Selman et al. (2009) promote the idea of multifunctionality by saying it is 
fundamental to planning and design because it delivers “joined-up policy at the landscape scale, 
where its core property of interconnectivity can be harnessed in ways that produce qualities and 
valued by people.” The multifunctional landscape framework along with the USDA National 
planning procedures and SLEP highlight the growing need to modernize decades-old procedures 
that promotes monofunctional approaches to solving multifaceted issues. 
2.2.3 Agroforestry for conservation  
Given the trends present in farm bills over the past decade, conservation practices that 
combine production and conservation on working lands are poised to become increasingly 
popular. However, very few practices can adequately do this without substantial tradeoffs. Of the 
multifunctional practices available to landowners, agroforestry may be one of the most 
promising. Agroforestry offers landowners the ability to integrate fruit, nut, and timber crops 
alongside or within their current agricultural system for both profit and conservation (Jose 2009). 
Figure 2.2 displays several ways in which agroforestry may be incorporated into a farm. The 
justification for agroforestry is substantial, with numerous studies detailing the full range of 
environmental benefits including improved soil and water quality, carbon sequestration, wildlife 
habitat, and biodiversity (Schoeneberger 2009; Jose 2009; Udawatta and Jose 2012; Montagnini 
2018).  
Numerous agroforestry practices are listed as practices within CRP or EQIP and CSP such as 
alley cropping, multi-story cropping, riparian buffers, and windbreaks (USDA FSA 2018; USDA 
NRCS 2018). These programs have been fundamental for many landowners in implementing 
agroforestry practices on their farm, yet their use relative to other customary practices remains 
low (Moser and Bentrup 2017). Research has suggested that the inherent complexity in designing 
these systems and the lack of knowledge and information surrounding them have been 
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significant barriers to their use (Atwell et al. 2010; Mattia et al. 2016). There is a lack of support 
tools and information regarding working alongside end-users in the development of agroforestry 
systems which can limit their expansion and use within federal conservation programs.  
2.2.4 Aims of the study  
In this paper, we provide a firsthand examination of the design and planning of landscape 
conservation, by working directly with landowners to build agroforestry systems for their land. 
Our aims were multifaceted as we wanted to begin to understand landowners’ views of 
conservation programs, how programs and design methods can be improved, and the pathways to 
higher levels of ecosystem services at lower costs relative to other practices. We hypothesized 
that direct collaboration with the landowner to explore multiple design scenarios would provide 
landowners with a pathway to explore plausible future conservation practices for their property, 
as well as improving their likelihood of adopting such practices, irrespective of funding support. 
Results from this study are to be used to help improve the conservation planning and design 
process and produce benefits more efficiently within both land retirement and working lands 
conservation programs. 
 
2.3 MATERIALS AND METHODS 
2.3.1 Study area 
This study takes place with fifteen landowners in the Upper Sangamon River Watershed 
(USRW) of Central Illinois, an intensively cropped region of the U.S. Corn Belt (Green et al. 
2018). The region is dominated by corn and soybeans, totaling 79% land cover in 2017, while 
wetlands, forests, and grasslands accounted for around 9% (USDA NASS 2012). As a result, the 
USRW faces soil erosion and water quality concerns typical of those seen throughout the Corn 
Belt (Keefer and Bauer 2011).  
2.3.2 Conservation programs in Illinois 
In Illinois, CRP is the most highly funded conservation program, receiving around $162 
million for rental payments in October 2017. As of January 2017, there was a total of 43,598 
farms with 895,814 acres under CRP contract in Illinois, of which 51,294 acres were located 
within the USRW (USDA 2017b; USDA FSA 2017a). The most common CRP practices within 
the USRW are grass filter strips (11,718 acres), pollinator habitat (6,338 acres), and wildlife 
habitat (4,511 acres), all of which primarily use herbaceous species. For most all counties in the 
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USRW, grass filter strips make up the largest amount of land in CRP, shown in Table 2.2. In 
comparison, EQIP receives significantly less funding in Illinois, totaling around $18 million in 
the 2016 fiscal year (USDA NRCS 2016). 
2.3.3 Landowner participants 
Fifteen participants of various backgrounds, ages, and fields of work agreed to be involved with 
the study. Not all participants were farmers, but all were agricultural landowners in the USRW 
who had previously been identified by Mattia et al. (2016) as medium to high-potential adopters 
of agroforestry and similar perennial based conservation systems. We chose to work with high-
potential adopters as they are likely to be the first to use such practices, and will then act as 
nodes of diffusion for other landowners interested in trying new conservation practices (Rogers 
2003). 
2.3.4 Methods 
This study took place in two phases to work with landowners in designing novel 
landscapes, as adapted from (Tress and Tress 2003). A timeline of the research process is shown 
in Table 2.3. In phase I, a researcher interviewed participants on their land to begin to build a 
working relationship, discuss their land, and identify their interests related to agroforestry design. 
The interview was semi-structured and performed from September through October 2016. 
Interviews lasted between 60 to 90 minutes and were conducted at the landowners’ properties. 
The primary researcher was present for the interview. The interviews were recorded using both a 
phone and laptop voice recorder with landowner permission. The interviews were transcribed 
within 48 hours after completion.  
After the first interview, researchers used the information to generate three separate 
future scenarios to guide conservation designs for landowners. The three scenarios focused on 
production, conservation, or cultural components as a means of covering all aspects of land use 
and needs indicated by landowners.  
In Phase II of the study, a researcher used the three scenarios to guide the development of 
three unique designs for each participant’s land. A stepwise planning and design process, 
detailed in Stanek et al. (2018), which combined landowner and researcher knowledge was used 
to build plausible and reasonable designs for landowners. The methodology used to work with 
landowners and design the practices for their land was adapted from the landscape ecological 
planning method (Ahern 2006).  
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Once designs were completed, participants were asked to provide feedback on the three 
designs to improve their plausibility and reasonability. The feedback was used to remove 
unrealistic or impossible designs and integrate the specific participant needs that were not met. 
Experts in the fields of ecology, crop science, and forestry were also consulted to review the 
designs.  
With the assistance of a landscape architect, each design was visualized in the form of a 
photorealistic landscape plan and presented to landowners. Visualization techniques were used to 
allow landowners to explore the potential of each design and its subsequent practices on their 
land. The images provided to participants showed the design plan incorporated into their land. 
The designs were visualized using AutoCAD, GoogleEarth, and Adobe Photoshop. 
When finished, the designs were mailed to landowners along with along with a 
supplemental information book describing the costs, management, products, timeline, and 
cultural and environmental benefits of each practice in their designs. The book was developed 
from January to March 2017 to meet a stated need by landowners for more information as 
indicated in the first interview and previous work by Mattia et al. (2016). 
The second interviews were performed in June 2017, between two and six weeks after the 
designs were received by the landowner. The interviews lasted between 90 to 120 minutes and 
were conducted at the landowners’ properties. The primary researcher was present for the 
interview. The interviews were recorded using both a phone and laptop voice recorder with 
landowner permission. The interviews were transcribed within 48 hours after completion. The 
interview consisted of open-ended and Likert-scale rating questions and was comprised of the 
following sections similar to the first interview. Participants assessed the three designs in 
comparison to their current land. The various elements or patterns within each design were 
discussed, and feedback noted. Next, participants commented on their general preferences, ideas 
for improvement, motivators, and barriers to using the conservation practices. The participants 
were then asked to design a system they saw as optimal for their land given the three designs and 
their unique preferences. Lastly, participants were asked a series of questions regarding the 
design process, current and previous experiences with conservation programs, the benefits and 





 2.3.5 Data analysis 
Data analysis occurred concurrently with the development of each phase throughout the 
study. Audio recordings of interviews were transferred into Audacity, a digital audio editor, for 
cleaning of the audio files. Microsoft Word was used to transcribe the interviews, occurring 
within 48 hours of them taking place. Transcriptions were transferred into Microsoft Excel for 
data cleaning and organization. Quantitative data regarding landowner preferences, motivators, 
and barriers was tabulated and explored in Microsoft Excel 2016. Qualitative data were exported 
into NVivo 11 Pro, a qualitative data analysis software, for coding and analysis. Themes and 
preferences of landowners regarding the design process and conservation programs were 
organized and coded using an iterative process. Contextual information about landowners 
gathered in the first interview was coded first, then emerging themes and patterns were coded for 
using an inductive approach (Thomas 2006). The prevalent themes were connected with 
quantitative data to further understand landowners’ views and preferences.  
 
2.4 RESULTS AND DISCUSSION 
The interviews with landowners centered on two topics: the design process and conservation 
programs. The following sections explore these topics and provide an examination of their 
relevance towards improving the design process, research objectives, and policies for 
conservation.  
2.4.1 Regarding the design process 
The design process was discussed in detail with landowners through a series of semi-
structured questions in the second interview. From these discussions, numerous themes presented 
themselves, of which four were the most significant in relation to conservation. These themes are 
displayed in Table 2.4 and discussed in detail in the following section. They each offer insight 
into the values, thoughts, and suggestions of landowners when considering the makeup of a 
successful conservation design process.  
2.4.1.1 The utility of the design process 
Landowners identified the most useful aspects of the participatory design process to be the 
conversations had during the two interviews and generating unique conservation designs. Seven 
of the fifteen landowners found meeting with a research expert during the interviews to be the 
most useful aspect of the study because it provided a trustworthy source to answer questions that 
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may arise when discussing the designs. One landowner explained their reasoning by saying the 
following: 
 “When we talked the first time it was extremely useful because you were introducing me to 
the thoughts. Those thoughts never entered my mind. That was extremely helpful just to get my 
thought process going then when this followed behind…it was very self-explanatory because you 
had already talked about those things. Then this interview though I love because it actually 
brought everything together.”  
Seven other landowners found the designs to be the most useful as they expanded their view 
of what was possible on their land. This was expressed by one landowner saying, “This kind of 
feedback is valuable to us. We want it to look good, and we want it to produce something and to 
know that is the kind of trees that will do okay there.” Lastly, one landowner found the 
supplemental information book to be most useful, yet most participants acknowledged its 
importance in helping understand the practices used in the designs. 
2.4.1.2 The influence of the collaborative design process  
The design process itself, regardless of the final designs, had a notable impact on the 
exchange of knowledge between landowners and researchers. Landowners were asked questions 
regarding the act of working with a designer and how the design process has influenced their 
likelihood of using agroforestry. All fifteen landowners stated that going through the entirety of 
the research design process increased their possibility of using agroforestry practices. Despite the 
landowners already being predetermined to be high-potential adopters of such practices, there 
was an increased enthusiasm and understanding for using the designs generated in the study. 
Much of the enthusiasm can be traced to the relationship built between the researcher and the 
landowner throughout the process.  
Several landowners emphasized the importance of meeting with someone who had 
experience with agroforestry, in helping them understand and accept the legitimacy of the 
practice. It was repeatedly mentioned that without an “expert,” the systems “would be too 
overwhelming and daunting” and landowners “wouldn’t have time to do the research 
[themselves].” Others stated they simply would not have been interested without talking to an 
expert practitioner. In some instances, landowners may not have time or resources to adequately 
learn about practices despite wanting to enroll in a conservation program. Therefore, the process 
of working more directly with landowners when designing conservation for their land can be 
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dual purpose. The process served as a learning tool to expand landowner knowledge and expose 
them to a variety of new practices they may not have been aware of. It additionally provides 
conservation agents, planners, and researchers an opportunity to broaden their views of how 
practices can be used and better understand the needs of landowners (Nassauer and Opdam 2008; 
Oliver et al. 2012).  
The collaborative nature of this study sheds light on the promise of increasing the 
transdisciplinary quality of conservation work. The call for bringing together numerous parties 
with landowners in the conservation realm is not new. However, it has yet to be fully 
implemented in any programs (Liu et al. 2007; Reimer et al. 2014). The likely reason is that it 
can be quite costly to invest more time into the design and planning process of conservation. 
There are notable examples of programs that have taken on the challenge of working with and 
educating landowners, conservationists, and planners on multifunctional landscape planning, 
using agroforestry. The Master Tree Grower program in Australia (Bauer and Gordon 2003; Reid 
2017), and Agroforestry Academy in Missouri, U.S. (Gold et al. 2013), detailed in Table 2.5, are 
two such programs that should be considered as useful case studies relevant to this research.  
2.4.1.3 Landowners’ preference for working in person 
Researchers built trust with landowners by taking the time to meet in person on multiple 
occasions, rather than conducting the experiment over the mail or electronically. Many 
landowners stated they would have ignored the study if not given the opportunity to meet with a 
someone in person. Having a researcher visit their land with an open mind was a requirement for 
landowners, as described by one saying “You could understand and implement what I was 
concerned with. You did not consider my ground a petri dish, and you actually were concerned 
with it.” Various participants expressed how they are constantly receiving participation requests 
from research projects, surveys, and related materials and they simply do not have time to do 
them all. Meeting face-to-face with researchers or conservationists is no longer the norm but is 
arguably now valued even more by landowners.  
Previous studies working with farmers echo these sentiments in showing how conservation 
approaches that incorporate farmers views as “expert” knowledge and develop collaborative 
relationships are essential for successful integrated approaches in agriculture (Pannell et al. 2006; 
Oliver et al. 2012; Williams and Brown 2014). Additionally, not only do researchers need to 
value the landowner and their contribution but so too does the broader community (Vanclay 
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2004). Public policy regarding conservation programs must actively attempt to work with 
landowners to avoid developing a mismatch between policy, implementation, and impact. 
2.4.1.4 Landowners’ suggestions for improving the design process 
To improve upon the conservation design process used in this study, landowners provided 
several suggestions. First, they wanted more face-to-face time with other landowners interested 
in agroforestry or using it already. They felt meeting with people who had already established 
agroforestry would allow them to ask about management and feasibility of the systems. They 
suggested hosting a field tour to see the practices before the design process and as a way to meet 
with other interested landowners. One landowner stated that “If we could do those tours 
beforehand, that would be extremely useful. Then when you are asking us stuff, we have actually 
seen it.” Additionally, another landowner suggested that with all the new information, “[You] 
could almost make a class out of this. Spend more time being a teacher and me being a student.” 
While another stated they “Would have loved for you to have hosted a gathering of your fifteen 
people for the networking support.”  
These suggestions by landowners indicate a need for more information and collaboration, 
resonating the findings of other studies (Valdivia et al. 2012; Mattia et al. 2016). The information 
needs as described by landowners can be delivered through a variety of sources such as tours, 
classes, and informational materials and should be offered early on in the learning process to aid 
landowners in deciding the suitability and makeup of potential practices (Reid 2017). Providing 
these resources will require more resources and money dedicated to conservation, but it may pay 
for itself. As the understanding of a practice increases, the better it can be managed, and in turn, 
potentially generate a higher level of social and environmental benefits relative to using practices 
that are not understood or managed well.  
2.4.2 Regarding conservation programs 
The topic of conservation programs comprised a significant amount of the conversation 
during interviews with landowners. The responses provided during the two interviews are 
organized here into four most prevalent themes, outlined in Table 2.6, and detailed in the 
subsequent sections. Each theme should be considered in light of how it may apply to the 





2.4.2.1 Landowners’ suggestions for improving conservation programs 
Landowner’s views of federal conservation programs varied but most commonly expressed 
some level of dissatisfaction. About half of the landowners had direct experience with at least 
one of the programs, typically CRP. There was an expressed appreciation for the land rent 
received, but the value given to the practices on the land itself was usually low. Many saw the 
practices being implemented to be a “bunch of weeds” with the owners having little to no 
interest. Landowner’s views were often shaped by a single or small subset of nearby examples of 
poorly managed CRP land. This sentiment was expressed by one landowner when they said the 
following: 
“With some [CRPs] they plant them and just go away and then [the contract] just stops. That 
is a concern because then it goes back to weed again. Then we go back to spraying. Then we 
have everything with the soil again. To me, it would be more beneficial if we could have 
something there that would be useful and that people would take care of it.”  
The proper management of CRP land can be problematic for various reasons. Landowners in 
previous studies have expressed their challenges which include not living near their CRP lands, 
not having the ability or equipment to manage them, or feeling the cost of management is too 
high (Allen and Vanderever 2003). These challenges were discussed in this study as well and 
suggest a need for increased assistance or flexibility in the management of conservation land. It 
is important to note that landowners are required to establish a conservation plan to perform 
periodic management activities for CRP land, but the extent to which this is carried out likely 
varies. 
Additionally, landowners’ views of federal programs were associated with a distrust of 
government involvement. Distrust in government programs and entities for one reason or another 
is not uncommon (Atwell et al. 2009; USDA NRCS 2011) and can be rebuilt in time (Lebel et al. 
2006). However, this distrust may not be core to the behaviors of landowners. Arbuckle (2013) 
explains how government distrust by farmers in Iowa is mostly unfounded, as their results 
demonstrated that farmers supported targeted conservation approaches on marginal lands when 
contacted by natural resource professionals. The targeted approaches were not seen as invasive 
or intrusive but instead accepted as a practical approach to implementing conservation. Local and 
regional efforts carried out by new programs such as ACEP and RCPP may be useful in building 
more valued, targeted approaches that are trusted by farmers.  
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2.4.2.2 Landowners’ suggestions for improving agricultural conservation programs 
Landowners suggested conservation programs could be improved by being less bureaucratic 
and allowing for more flexibility, specifically with CRP. The frustration with federal 
conservation programs was described by one landowner saying, “The bureaucracy end of it 
frustrates you… [Such as] having to fit a cookie cutter model whenever things are not cookie 
cutter modeled.” This type of sentiment is not uncommon, as a movement towards flexibility has 
previously been found to be a significant factor in successful conservation policy (Schirmer et al. 
2012).  
To improve the flexibility of conservation programs, conservationists would need to possess 
the knowledge and technical skills necessary to efficiently produce multifunctional goals, in 
contrast to the monofunctional objectives of many current practices (Selman 2009; Dosskey et al. 
2012). Such a change will not be easily accomplished, as it requires substantial work to build 
new regulations, rules, and resources for it to be implemented. However, it should be a 
worthwhile pathway to consider. Added flexibility in the design process allows for systems to be 
catered more closely to the functional needs of the farmers, thus creating a potential to increase 
adoption frequency and longevity of practices. 
Another way to improve conservation programs as mentioned by landowners was to add real 
economic value into the prescribed practices by allowing for more production components. 
Despite a potential reduction in ecosystem services from adding in some level of production 
(Morefield et al. 2016), landowners saw this approach as a route for building more sustainable 
conservation practices. One landowner explained, “I do not believe in taking public money to 
take land out of production...I believe in investing in private land with public money for the good 
of the public…we need to figure out how to keep in production, not take it out.” These views are 
not uncommon. The importance of profitability in conservation adoption, whether direct or 
indirect, is well documented (Atwell et al. 2010; USDA NRCS 2011). Suggestions have been 
made for supporting the establishment of practices that can meet conservation goals while being 
profitable at some point to reduce the long-term cost of conservation programs (Naidoo et al. 
2006; Valdivia et al. 2012). 
2.4.2.3 The combination of production and conservation 
Landowners saw agroforestry as one plausible approach to combine production and 
conservation benefits but suggested that without changes to the current programs, such 
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multifunctional goals were unlikely. This idea was illustrated by one landowner who said, “Why 
not harvest things that you can make money off of while still fulfilling an environmental role? It 
seems like such a no-brainer.” They were alluding to the potential to harvest crops from CRP 
lands, which is currently not allowed under the program to prevent a potential loss of ecosystem 
services and prevent “double-dipping’, the idea of making money off the land and rental 
payments simultaneously. While valid, this argument ignores the rapid rise of working lands 
approaches such as EQIP and CSP. The concerns for loss of services are mainly with practices 
using herbaceous species. Food producing woody crops, such as those used in agroforestry, may 
react very differently to harvesting, as it is often much less destructive and similar levels of 
ecosystem services may still be provided.  
Researchers have begun to explore the plausibility of using low-input food producing woody 
crops on marginal lands for ecosystem services (Lovell et al. 2017) and initial results by Wolz et 
al. (2018) show promise within Central Illinois. By converting corn-soybean rotations to multi-
species alley cropping systems, nitrate leaching was reduced by 82-91% and annual N2O fluxes 
reduced by 25-83%. The study did not compare their results to common land retirement practices 
though, which remains an under-researched topic for woody food producing crops, given the 
focus has been primarily on timber and grasses (Naidoo et al. 2006; Barraquand and Martinet 
2011). It is unclear if these types of approaches can entirely make up for the loss of CRP land, 
especially for wildlife habitat that may be difficult to produce on working lands (Morefield et al. 
2016). 
2.4.2.4 Limiting land reversal 
Promoting practices and specific species which discourage a farmer from reverting 
conservation land to production may help to improve the long-term benefits of conservation 
programs (Morefield et al. 2016). One landowner discussed this topic saying, “Once you get 
these trees established you can not turn it into tillable farmland easily.” Land reversal is a serious 
concern within conservation programs, specifically CRP.  
The most commonly used CRP practices are native and introduced grasses. Over 58% of the 
national CRP acreage consists of some assemblage of grass species (USDA FSA 2017b). Though 
they are extremely valuable to the environment (Johnson et al. 2016), practices using only 
grasses are the easiest to convert back to crop production. From 2010 to 2013, CRP land in the 
Midwest U.S. was converted back to intensive agriculture at an estimated rate of 30%, raising 
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serious concerns about sustained ecosystem services in the region (Newton and Kuethe 2015; 
Morefield et al. 2016). When CRP lands are moved back into production, they cease to generate 
high levels of ecosystem services, and many of the accumulated benefits are negated.  
The long-term impacts of policies, beyond a five or ten year time frame seen for CRP, should 
be considered when investing taxpayer money into farmland for public benefit. Financial 
assistance to support conservation practices may be better suited when thought of as an 
investment in environmental capital. Those investments which continue to provide value back to 
the public, well beyond the initial time of investment should be favored those with limited return.  
2.4.3 Limitations 
This study provides helpful insights into the design of conservation but has several 
limitations that should be considered. First, the landowners involved in this study were 
concentrated in one region of Central IL. Their ideas and preferences may not reflect those of 
different agricultural areas but should be strongly considered given that the USRW is very 
similar to much of the Midwest U.S., where the most intensive agricultural production occurs. 
Second, the study itself was semi-structured to allow landowners a level of freedom in 
expressing their opinions and preferences for their land. It is not possible to draw statistically 
significant conclusions from this work, but rather its use should be seen as exploratory, a 
necessary step towards understanding landowners’ challenges with conservation programs. 
Lastly, the design focus here was centered on agroforestry and its design for landowners in 
Central Illinois. Agroforestry only represents one tool for landowners looking to implement 
conservation practices but may be one of the most important systems for implementing the goals 
of working lands conservation. Additional practices should be considered and designed 
collaboratively with farmers, as no one practice can suit the needs of all. Despite these 
limitations, the insights provided in this study allow for future research and policy to consider 
alternative approaches to improving conservation programs based on feedback from landowners. 
2.4.4 Moving forward 
When considered in the context of federal agricultural conservation programs, the insight 
gained from landowner participation in the design process provides an illustration of the 
underlying needs to be addressed. Table 2.7 outlines the most exigent needs identified through 
this study and other literature to show potential changes to conservation programs that may help 
improve economic, environmental, and social sustainability. These should act as pathways for 
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considering future policy changes. It is unlikely any one need can be addressed with a change 
that does not also confront its own set of unique challenges, especially when considered among 
different agricultural regions. Research on the economic, environmental, and cultural 
implications of such changes is needed to provide a better understanding of their impact.  
The next steps for research on conservation design, especially considering agroforestry, 
are to better understand how the conservation benefits of adapted design approaches integrating 
more user-focused systems compare to the typical practices currently prescribed by 
conservationists. Additionally, we hope to expand the breadth of educational tools and training 
available to allow for the cultivation of landowner experts that can begin and expand the use of 
conservation practices that suit them. Farmers who employ innovative conservation techniques 
may provide researchers excellent case-study examples of how and why mutually beneficial 
practices can develop. Conservation practices established and managed without outside funding 
are the “ideal” practices as they require no public resources, and are likely to be cared for better 
given their connection and value to the landowner. We can and should continue to learn from 
farmers to accommodate the diverse, ever-changing portfolio of conservation needs. 
 
2.5 CONCLUSIONS 
While the plethora of well-documented ecosystem services generated on CRP land 
provides a pragmatic argument for maintaining land retirement programs (Hansen 2007; Johnson 
et al. 2016) , the presence of high crop prices, increased demand for land, and cost-saving 
mentality of the federal government challenge their feasibility (Stubbs 2014). For these reasons, 
we foresee CRP continuing to plateau or decline in the acreage cap unless rental payments are 
reduced to allow for more acres per dollar spent. The movement towards working lands 
approaches will likely persist for some time given their apparent economic advantages, and 
despite their challenges, should be embraced for the unique opportunities they offer. 
Moving away from land retirement to working lands conservation magnifies the 
dependence on farmers adopting best management practices to generate conservation benefits. 
Placing the burden of environmental protection onto the backs of farmers and local organizations 
may at first appear to be detrimental, but in actuality could favor the development and 
implementation of genuinely sustainable multifunctional agricultural practices that combine both 
production and conservation goals.  
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The design of novel multifunctional landscapes remains a substantial challenge for 
landowners and conservationists alike. They require additional time, effort, and training for all 
involved from the farmer to the conservationist. The lessons learned in this study demonstrate 
how conservation programs can benefit from utilizing a more personal, unique design processes 
to build long-lasting practices, highly-valued by landowners. Given the growing number of 
information tools available to designers and planners, it is no longer acceptable to promote 
programs that apply practices strictly based on a predetermined design which can create 
disconnect between the practice and its implementation. Spending additional time and money at 
the beginning of a design process to build systems which are valued by the landowner may help 
to preserve conservation practices on the land in the face of shifting policies and market prices. 
A genuinely sustainable conservation practice is one that does not need financial support to occur 






2.6 TABLES AND FIGURES 
 
Table 2.1 Timeline of noteworthy events related to conservation policy and their implications for 
the functioning of conservation programs in the United States (Cain and Lovejoy 2004) 
Date Event Implication 
1935 Establishment of the Soil 
Conservation Service 
First notable program to provide funding to farmers 
for soil conservation practices 
1956 Creation of the Soil Bank in the 
Agricultural Act of 1956 
Moved land into conserving practices to control 
loss of productivity and surpluses, and despite its 
removal in 1958, provided many important lessons 
for proper land retirement programs  
1975 Secretary of agriculture puts out a 
call to "plant fencerow to fencerow" 
Reversal of much of the conservation gains 
produced over the past 40 years  
1985 Conservation becomes explicitly 
mentioned, for the first time, in the 
title of the 1985 Farm Bill  
Soil conservation is seen as useful for reasons other 
than productivity, signaling a changing mindset 
within the farm bill towards environmentalism 
1985 CRP established The largest land retirement program to date by 
funding and acreage and the most impactful 
regarding ecosystem services generated  
1994 Soil Conservation Service renamed, 
Natural Resources Conservation 
Services  
Reaffirms the shift of promoting conservation for 
more than soil and crop productivity alone 
1996 EQIP established The leading working lands program to date is 
created, signaling the beginning movement towards 
conservation on working lands  
2002 CSP established First conservation program to award farmers 
already using environmentally sound practices 
2014 ACEP and RCPP established Provides increased roles for local, regional, and 

















Champaign Filter Strips (4,564) 9,634 
DeWitt Filter Strips (966) 4,404 
Ford Filter Strips (3,445) 8,931 
McHenry Hardwoods (278) 1,288 
Mclean Filter Strips (3,841) 11,634 
Macon Filter Strips (935) 3,256 
Piatt Filter Strips (1,421) 3,203 






Table 2.3 Timeline of research actives carried out for the design of conservation plans with 
landowners in this study 
Research activity Date(s) 
Mailed letters to landowners asking for participation July 2016 
Initial interview at landowners’ property September – October 2016 
Building designs and info book for landowners November 2016 – March 2017 
Design feedback from landowners  March 2017 
Final designs and information mailed out May 2017 





Table 2.4 Summary of themes and subsequent findings from interviews with landowners 
regarding the design process 
Theme Summary of landowner views 
1. Utility of the research 
process 
Useful aspects of the design process were the conversations during 
the two interviews, generating unique conservation designs, and 
obtaining additional information on conservation practices 
2. Influence of the 
collaborative design process 
Working closely with a the designer throughout the design process 
built knowledge of and enthusiasm for the conservation practices 
3. Preference for working in 
person 
Meeting in person with landowners improved the trust given to 
researchers and the subsequent practices being discussed while 
building a relationship to help inform researchers 
4. Suggestions for improving 
the design process 
More face-to-face time, field days to see the practices being 
discussed, instructional courses and education materials were 
suggested to help aid the understanding and adoption of new 





Table 2.5 Two examples of existing programs that promote peer-to-peer learning of 
conservation agriculture practices through educational multi-day courses 
Program Agroforestry Academy Master TreeGrower (MTG) 
Established 2013 1996 
Location Missouri, U.S.A. Australia (several regions) 
Founding group University of Missouri  
Center for Agroforestry 
University of Melbourne 
Description The course aims to equip 
participants, who include extension 
agents, landowners, resource 
professionals, and educators, with 
the knowledge to design and plan 
agroforestry systems. The week-
long program consists of on-field 
site visits, classroom learning, 
hands-on demonstrations, and 
group discussions. The academy 
describes its approach as a “train-
the-trainer” professional 
development to aid in the transfer 
of knowledge to rural communities.  
The program aims to help farmers 
determine how and in what way their 
participation in tree growing can provide 
real and sustainable improvements to their 
quality of life. Over multiple days, the 
program educates landowners on species, 
management, markets, and technologies. It 
also connects them to other local tree 
growers, researchers, industry 
professionals, and related government 
stakeholders. The program has resulted in 
an 11:1 benefit-cost ratio for the public 
investment and has increased tree planting 
among non-participating landowners 
through peer-to-peer learning  





Table 2.6 Summary of themes and subsequent findings from interviews with landowners 
regarding discussions of conservation programs 
Theme Summary of landowner views 
1. Attitudes towards 
conservation programs 
Attitudes were typically “poor” and expressed a lack of trust in 
federal conservation 
2. Suggestions for improving 
conservation programs 
Programs should be less bureaucratic, more flexible in practice, and 
provide more tangible value to the landowner beyond financial 
assistance 
3. Combination of production 
and conservation 
Preferred practices are those that are dual purpose, such as 
agroforestry, and can be successful as working lands approaches 
4. Limiting land reversal Using high-value woody crops may provide greater long-term 
financial and environmental benefits than perennial grasses, helping 





Table 2.7 Identified needs and the associated benefits and challenges for proposed changes to 
conservation programs as identified throughout this study and previous research (Selman 2009; 
Dosskey et al. 2012; Varble et al. 2016; Morefield et al. 2016; Moser and Bentrup 2017; Reid 
2017) 
Identified need Proposed change Potential benefits Challenges 
Improving the value 
of long-term 
conservation 
practices to the 
landowner 
Allow CRP lands to 
be selectively 
harvested at year 5, 
after which 
conservation 
payments are reduced 
Reduced amount of 
CRP land returned to 
grain crop production; 
Less need for 
conservation payments  
Creating clear regulations to 
avoid double dipping; 
Pushback from “hands-off” 
conservations groups 
Educating 
landowners on the 
use of profitable 
conservation 
practices, such as 
agroforestry 
Development of 
courses or tools to be 
used by landowners 
and more face-to-
face time with 
conservationists. 
Farmers act as local 
“experts” to spread 
conservation land 
organically; Reduce 
uncertainty and risk for 
landowners 
Higher cost to develop and 
fund; Takes a long time for 
benefits to accrue; Can be 
difficult to measure benefits 
Further use of 
multifunctional 
landscape planning 




Allow for flexibility 
in the application and 
purpose of practices 
rather than a strict 
focus on predefined 
practices 
Meets multiple 
landowner and societal 




Requires better knowledge of 
landscape function and 
processes, design criteria, and 
suitable species; Requires 
more time and resources to 
design and establish practices 
Expanding the 
technical skills of 
conservationists to 




and tools such as GIS 
and AutoCAD as 
well as collaboration 
with regional experts 






impacts of practices 
Requires conservationists to 
learn new techniques and 
skills; Tools and resources 
for multifunctional landscape 
design are lacking; Cost to 
develop 
Differentiating the 
benefits of various 




for practices based 
on long-term impacts 
(beyond contract), 
ease of reversibility, 
and societal benefits  
Promotes the use of 
practices that have 
greater conservation 
benefits; Promotes 
practices that are 
difficult to revert to 
production  
Difficult to measure and 
assess the benefits of various 
practices; Research on long-
term impacts of many 
practices are underdeveloped; 
Likely pushback by multiple 
groups connected to low-






Figure 2.1 The budget authority (committed funds of the Federal Treasury) for fiscal year 2002 
through 2018 for the primary three conservation programs grouped by their approach: working 















































USDA budget authority by fiscal year for the primary working lands and 
land retirment conservation programs




Figure 2.2 A theoretical example of the potential opportunities to use multifunctional landscape 
approaches to incorporate agroforestry practices using high-value, woody crop species within 
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APPENDIX A: SPECIES LIST 
 
Table A.1 A complete list of woody perennial species used in MWP designs for landowners 
 
Latin Name Common Name 
Amelanchier alnifolia Juneberry/Saskatoon 
Amelanchier arborea Serviceberry 
Aronia melanocarpa Aronia 
Asimina triloba Pawpaw 
Carya illinoinensis Pecan, Northern 
Carya laciniosa Hickory, shellbark 
Carya ovata  Hickory, shagbark 
Castanea mollissima Chestnut, Chinese 
Cercis canadensis Eastern redbud 
Corylus americana Hazelnut, American 
Corylus avellana Hazelnut, European 
Corylus americana x avellana Hazelnut, Hybrid 
Diospyros virginiana Persimmon, American 
Juglans nigra Black walnut 
Juniperus virginia Cedar, eastern red 
Lonicera caerulea Honeyberry 
Malus domestica Apple 
Malus ioensis Prairie crabapple 
Picea abies Spruce, Norway 
Picea glauca Spruce, white 
Prunus americana Plum, American 
Prunus avium Cherry, sweet 
Prunus cerasus Cherry, sour 
Prunus domestica Plum, European 
Prunus persica Peach, standard 
Pyrus bretschneideri Pear, Asian 
Pyrus communis Pear, European 
Quercus alba Oak, white 
Quercus bicolor Oak, swamp white 
Quercus lyrata Oak, overcup 
Quercus rubra Oak, red 
Ribes nigrum Currant, black 
Ribes rubrum Currant, red 
Rubus spp. Raspberry, red 
Salix spp. Willow, shrub 
Sambucus canadensis Elderberry, American 
Sambucus nigra Elderberry, European 
Taxodium distichum Bald cypress 
Thuja occidentalis Cedar, northern white 
Vaccinium spp. Blueberry, highbush 
Viburnum trilobum Cranberry, highbush 





APPENDIX B: INTERVIEW MATERIALS 
 




APPENDIX C: FINAL LANDOWNER DESIGNS 
 
The supplementary file Final_Landowner_Designs.pdf includes the collection of all three 




APPENDIX D: SUPPLEMENTAL DESIGN INFORMATION BOOKLET 
 
The supplementary file Supplemental_Information_Booklet.pdf includes the informational book 
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